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SUMMARY 

A recent report that 93 per cent of invasive cervical cancers worldwide contain human papillomavirus (HPV) may be an underestimate, 
due to sample inadequacy or integration events affecting the HPV LI gene, which is the target of the polymerase chain reaction 
(PCR)-based test which was used. The formerly HPV-negative cases from this study have therefore been reanalyscd for HPV serum 
antibodies and HPV DNA. Serology for HPV 16 VLPs, E©\ and E7 antibodies was performed on 49 of the 66 cases which were 
HPV-negative and a sample of 48 of the 866 cases which were HPV-positive in the original study. Moreover, 55 of the 66 formerly 
HPV-negative biopsies were also reanalysed by a sandwich procedure in which the outer sections in a series of sections are used for 
histological review, while the inner sections are assayed by three different HPV PCR assays targeting different open reading frames 
(ORFs). No significant difference was found in serology for HPV 16 proteins between the cases that were originally HPV PCR-neeatire 
and -positive. Type-specific E7 PCR for 14 high-risk HPV types detected HPV DNA in 38 (69 per cent) of the 55 oriEmally 
HPV-negative and ampHfiable specimens. The HPV types detected were 16, 18, 31, 33, 39, 45, 52, and 58. Two (4 per cent) additional 
cases were only HPV DNA-positive by El and/or LI consensus PCR. Histological analysis of the 55 specimens revealed that 21 were 
qualitatively inadequate. Only two of the 34 adequate samples were HPV-negative on all PCR tests, as against 13 of the 21 that 
were inadequate (p«H)01). Combining the data from this and the previous study and excluding inadequate specimens, the worldwide 
HPV prevalence in cervical carcinomas is 99-7 per cent. The presence of HPV in virtually all cervical cancers implies the highest 
worldwide attributable fraction so far reported for a specific cause of any major human cancer. The extreme rarity of HPV-negative 
cancers reinforces the rationale for HPV testing in addition to, or even instead of, cervical cytology in routine cervical screeninp 
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INTRODUCTION 

Cervical cancer is the second commonest cancer in 
women worldwide and infection with oncogenic human 
papillomavirus (HPV) types, most frequently HPV 16, 
is the most significant risk factor in its aetiology. 1 The 
International Biological Study on Cervical Cancer 
fIBSCC) study of invasive cervical cancers collected 
from 22 countries reported a worldwide HPV prevalence 
of 93 per cent, based on the MY09/I1 polymerase chain 
reaction (PCR) assay which targets a 450 base pair (bp) 
fragment within the HPV Li open reading frame 
(ORF). 2 Failure to detect HPV DNA in 7 per cent of 
these cervical carcinomas may have been due to either 
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the absence of HPV DNA in the carcinoma cells, or a 
false-negative HPV result. Integration of HPV DNA in 
cervical carcinoma can entail disruption of PCR primer 
sequences or loss of the HPV LI ORF. 3 In contrast, the 
E6 and E7 genes are almost invariably retained, as their 
expression is likely to be necessary for conversion to and 
maintenance of the malignant state. 4-8 A false negative 
can also be due to the absence of cancer cells from the 
sample analysed. 

This study was undertaken to reassess the prevalence 
of HPV DNA in this worldwide series of cervical 
cancers. Since a marked association has been reported 
between cervical cancer and antibody responses against 
HPV-specific proteins, 9 - 13 serological analysis was first 
performed for capsid and E6 and E7 proteins of HPV 
16, which accounts for about 50 per cent of HPV- 
positive cervical cancers worldwide. 2 To verify the pres- 
ence of carcinoma cells in the samples used for PCR, 
formalin-fixed, paraffin-embedded biopsies of the HPV- 
negative cases were cut using a sandwich technique, in 
which the inner sections were used for PCR while the 
outer sections were used for histological review. The 
efficacy of amplification in paraffin-embedded tissue 
specimens is inversely related to the length of the frag- 
ment to be amplified. 14 The analysis was therefore 
restricted to samples which amplified at least 200 bp, as 
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determined by yj-globin PCR. Adequate samples were 
assayed with 14 type-specific (TS) PCRs for high-risk 
HPV types targeting approximately 100 bp in the E7 
ORF. In addition, CPI/II and GP5+/6+ consensus 
primer-mediated PCR assays were used, which also 
target small fragments. The PCR results were correlated 
with the histological findings. 



MATERIALS AND METHODS 

Clinical specimens 

Sera from HPV-negative and a tissue sample from the 
HPV-positive cervical cancer patients were obtained 
from the IBSCC Study. 2 The HPV-positive cases were 
matched in frequency to the negative cases on age, 
histological type, clinical stage, and area of residence. 

In the original analysis, 866 snap-frozen biopsies from 
patients with cervical cancer were HPV-positive and 66 
were HPV-negative by MY09/U PCR. 2 For the present 
study, formalin-fixed, paraffin-embedded tissue speci- 
mens were obtained from 58 of the 66 HPV-negative 
cases. Material from the remaining eight negative cases 
was not available. 

A series of 5 ptm sections were cut; the outer sections 
were used for histological analysis while the inner sec- 
tions were used for PCR. 15 Depending on the size of the 
biopsy, five to ten sections were cut. For PCR analysis, 
tissue sections were pretreated as described previously. 16 



HP V serology 

Antibodies to HPV 16 vims-like particles (VLPs) were 
detected by EL1SA 17 and antibodies to HPV 16 E6 and 
E7 proteins were measured by a radioimmunoprecipi- 
tation assay (RIPA) with in vitro translated 35 S-labelled 
full-length E6 and E7 proteins. 11 



p-Globin PCR 

/?-Globin PCRs were performed 18 using four primer 
combinations spanning 100, 209, 326, and 509 bp to 
assess the quality of the DNA. 

HPVE7 type-specific PCRs 

For E7 PCRs, HPV type-specific oligonucleotides 
were selected on the basis of sequence information from 
the HPV sequence database 19 after alignment analysis 
using the Clustal program (PC/Gene, Release 6.7; 
Intelligenetics, Inc, Geneva Switzerland). HPV type- 
specific primers were chosen to amplify approximately 
100 bp in the E7 ORF of HPV 16, 18, 31, 33, 35, 39, 45, 
51, 52, 56, 58, 59, 66, and 68. Type-specific (TS) PCRs 
were performed under the conditions described by 
van den Brule et ai 20 HPV genotypes were identified by 
Southern blot hybridization using type-specific oligo- 
nucleotide probes. Reconstruction experiments using 
cloned HPV DNA serially diluted in human placental 
DNA revealed a sensitivity of between 10 and 100 HPV 
copies per sample for all primer sets (data not shown). 
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Oligonucleotide sequences used as primers and probes 
are shown in Table I. 

Consensus primer-mediated PCRs 

Consensus PCR primers GP5+/6+ 21 and CPU1V 2 
were used for amplification. GP5+/6+ PCR was per- 
formed with one biotinylated primer (bioGP6+) to 
enable subsequent typing in an enzyme immunoassay. 23 
CPI/II PCR was performed as described elsewhere. 22 
Both consensus PCRs amplify a broad spectrum of HPV 
types at the subpicogram level. HPV positivity was 
assessed by Southern blot analysis of the PCR products 
with general probes of HPV-specific [a- 32 P)dCTP- 
labelled DNA fragments derived from cloned DNA of 
HPV 6, 11, 16, 18, 31, and 33 as described previously. 31 

PCR products from GP5+/6+ PCR-positive speci- 
mens were typed using internal HPV type-specific oligo- 
nucleotide probes for the most common HPV types 16, 
!8, 31, and 33. The PCR products of CPI/II PCR- 
positive specimens were typed by stringent Southern blot 
analysis with [<x- 32 P]dCTP random-primed labelled full- 
length cloned HPV DNA of types 16, 18, 31, and 33 as 
described elsewhere. 24 

Negative controls for PCR analysis 

Several precautions were taken to prevent false- 
positive results. Different steps such as sample prep- 
aration and amplification were performed in strictly 
separated rooms, and distilled water samples were 
included as negative PCR controls. To monitor sample- 
to-sample carry-over, HPV-negative liver tissue was cut 
after each specimen and subjected to all subsequent 
procedures including HPV PCR. None of these control 
samples was positive for any of the HPV assays. 

Histological review 

The first and last sections of each tissue were haema- 
toxylin and eosin (H&E>stained for histological analy- 
sis. The slides were examined by a pathologist without 
knowledge of the HPV status for the presence of neo- 
plastic cells, extent of necrosis, extent of keratinization, 
and evidence of maltreatment (i.e. nuclear vacuolation 
suggestive of freeze/thaw damage). Final classification of 
equivocal specimens was made jointly with a second 
pathologist. 

Statistical analysis 

The Mann-Whitney CAtest was used to compare OD 
and cpm values between HPV-positive and -negative 
cases. Histopathological characteristics were compared 
using Fisher's exact test. All significance levels are 
two-sided. 



RESULTS 

The 66 HPV-negative and 866 HPV-positive cases in 
the IBSCC study were similar in relation to established 
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Table Oligonucl eotide sequences of HPV E7 typc-apcctfic PCRs 
Primer Sequence (5<-3<) ~^e" 

HPV16E7.667 
HPV16E7.774 
HPV18E7.696 
HPV18E7.799 
HPV31E7.811 
HPV31E7.890 
HPV33E7.671 
HPV33E7.761 
HPV35E7.674 
HPV35E7.752 
HPV39E7.601 
HPV39E7.723 
HPV45E7.741 
HPV45E7.822 
HPV51E7.718 
HPV51E7.841 
HPV52E7.691 
HPV52E7.776 
HPV56E7.784 
HPV56E7.886 
HPV58E7.98 
HPV58E7.761 
HPV59E7.646 
HPV59E7.749 
HPV66E7.641 
HPV66E7.742 
HPV68E7.4604 
HPV68E7.4704 



gatgaaatagatggtccagc 
gctttgtacgcacaaccgaagc 
aagaaaacgatgaaatagatgga 
ggcitcacacttacaacaca 
gggctcatttggaatcgtgtg 
aaccattgcatcccgtcccc 
igaggatgaaggcttggacc 
tgacacataaacgaactgtg 
ctattgacggtccagct 
tacacacagacgtagtgtcg 
ccaaagcccaccttgcagga 
atggtcgggttcatciatttc 
cccacgagccgaaccacag 
tctaaggtccictgccgagc 
tacgtgttacagaattgaag 
aaccaggcttagttcgcccatl 
gcagaacaagccacaagcaa 
tagagtacgaaggtccgtcg 
ggtgcagttggacattcagag 
gttacttgatgcgcagagtg 
cgaggatgaaataggcttgg 
acacaaacgaaccgtggtgc 
ctccgagaatgaaaaagatgaa 
gctgaagttgattattaca 
aatgcaatgagcaattggacag 
cttatgttgttcagcttgtc 
aacaacagcgtcacacaattca 
agttgtacgttccgcaggti 



PROHPV16E7 

PROHPVI8E7 

PROHPV31E7 

PROHPV33E7 

PROHPV35E7 

PROHPV39E7 

PROHPV45E7 

PROHPV51E7 

PROHPV52E7 

PROHPV56E7 

PROHPV58E7 

PROHPV59E7 

PROHPV66E7 

PROHPV68E7 



cggacagagcccattacaatattgtaacct 

cccgacgagccgaaccacaacgtcacacaa 

lacctgctggatcagccattgtagttacag 

tgtgacaacaggttacaatgtagtaatcag 

caacaggacgttacaatattataattggag 

tcctaattgctcgtgacatacaaggtcaac 

agctcaattctgccgtcacacttacaacat 

icaagtgtagtacaactggcagtggaaagc 

atagccgtagtgtgctatcacaactgtgac 

caaagaggacctgcgtgttgtacaacagct 

tgttgttcaatgttacatcattaatcgaca 

gtcgagcagatcgatcatcgtttcctacta 

aggatgaaatagaccatttgctggagcggc 

agtgtaacaacctactgcaactagtagiag 



risk factors for cervical cancer (geographical origin, 
Soiconornic status, sexual and reproductive h estyk 
exposure to cigarette smoke, hormonal treatments, and 
history of venereal disease). 2 

Serological analysis 

Sera were obtained from 49 of the 66 HPV PCR- 
rceative cases (group 1) and from a matched sample ot 
ffS^poKv/ «ii (group 2) from the previous 
snidy" Reactivity to HPV 16 VLPs and E6 and E7 
proteins was detected in 31 per cent (16/49), 3 5 pe r cer, 
(17/49), and 29 per cent (14/49) of group 1 and in 42 per 
cent (20/48), 52 per cent (25/48). and 31 per cent (15/48) 
cT group 2, respectively. Serum antibodies to at least one 
protein weVe delected in 56 and 67 per cent of groups 1 
and 2, respectively. Positive serum samples tended to 
nave lower antibody levels for VLPs and E6 in group 
than in group 2 (Fig. 1), but there 
difference in percentage reactivity to VLPs (p-092), to 
(p=0-30) or E7 (p=0-76) between the groups. 

PCR analyses 

The integrity of the target DNA was determined by 
fl-globin PCR assays amplifying different fragment 
lengths. Of the 58 cervical carcinoma specimens, » l« 
per cent) were positive for amplification of /?-globin 
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fragments of 100 and 209 bp, and 43 (74 per cent) and 21 
(36 per cent) cases were also positive for 326 and 509 bp 
fragments, respectively. The three cases which were 
negative with all four /J-globin primer sets were excluded 
from the HPV PCR assays, all of which entailed 
amplification of sequences of 200 bp or less. 

HPV E7 PCRs on the remaining 55 specimens were 
positive for one or more HPV types in 38 (69 per cent) 
cases. HPV 16 was detected in 15 cases; HPV 18 in nine 
cases; HPV 31 in four cases; HPV 45 in two cases; .and 
HPV 33 39 52, and 58 in one case each. Multiple Hfv 
infections were found in four cases: HPV 16/18 twice 
and HPV 18/45 and HPV 31/33 once each. 

Using consensus PCRs, 14 samples were positive only 
with El primers, six only with LI primers, and ten with 
both. Two cases were positive by consensus PCR byt 
negative by E7 PCR. One of these was positive only for 
El and the other for both El and LI. These cases 
therefore contain an HPV type different from the 14 
HPV types (HPV 16, 18, 31, 33, 35, 39, 45, 51. 52, 56, 58, 
59, 66, and 68) tested for by HPV E7 PCR. Tentatively, 
these types were referred to as HPV-X. The remaining 
28 consensus PCR-positive samples were also positive by 
E7 PCR, and in every case in which typing of LI and El 
PCR products indicated HPV 16. 18, 31 or 33, the same 
type was detected by E7 PCR. 

Using HPV E7 type-specific and consensus LI and El 
PCRs, the number of HPV-positive cases was thus 40/55 
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(73 per cent), while 15/55 (27 per cent) cases remained 
HPV-negative. The HPV detection and typing results 
are summarized in Table II. 




SAMPLE 



Histological review of cervical carcinoma biopsies 

The histological results and HPV status or the 55 
biopsies are shown in Table III. Among the 40 HPV- 
positive cases, 31 were diagnosed as squamous cell 
carcinomas (SCQ and one as adenosquamous card* 
noma. Six showed only dysplastic epithelium and the 
remaining two specimens were inadequate, one due to 
extensive necrosis (>75 per cent) and one due to mal- 
treatment. Of the 32 HPV-positive histologically 
adequate cases, 24 (75 per cent) were positive on at least 
two different PCR assays. Two of the 15 HPV-negative 
cases were SCCs. The remaining 13 cases were charac- 
terized as having only dysplastic (n- 1) or normal (n-2) 
epithelium, only stroma (/i=2), extensive necrosis (>75 
per cent; n=2), maltreatment (n=3) or extensive kerati- 
nization (>75 per cent; n=3). The histology of the 
HPV-negative group is shown in Fig. 2. The material 
was thus inadequate for eight (20 per cent) specimens in 
the HPV-positive group compared with 13 cases (87 per 
cent) in the HPV-negative group (/><0001). Figure 3 
summarizes the PCR results in relation to adequacy of 
the tissue. 
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DISCUSSION 

This study was designed to investigate the extent of 
true HPV-negative cervical cancer by retesting the cases 
originally classified as HPV-negative in a worldwide 
study of HPV prevalence in cervical carcinomas. 2 
Samples from 58 of the 66 HPV-negative cases were 
available, and 55 were adequate for PCR analysis. The 
similarity of the antibody profiles of HPV-negative and 
-positive cases (Fig. 1) suggests that a significant pro- 
portion of the HPV-negative group were in fact HPV 
16-associated. The epidemiological characteristics of the 
positive and negative cases were also similar. Our histo- 
logical reassessment and PCR assays targeting different 
ORFs used cervical cancer samples prepared by the 
sandwich method, which addresses two potentially 
important causes of false-negative results: disruption 
of PCR target sequence due to viral integration, and 
inadequacy of the specimens. 

The results of our consensus PCR assays targeting 
small fragments in the LI (GP5+/6+ PCR) and El 
(CPI/II PCR) regions, which were positive in only about 
50 per cent of the E7 PCR-positive cases (Fig. 3), suggest 
the presence of interruptions or deletions in the HPV 
DNA at the level of the LI ORF. Our PCR assays 
achieve similar sensitivity for each HPV type, so these 
findings indicate that in the remaining E7-positive 
cases disruptions were present in both LI and El. 
Although integration assays are necessary ultimately to 



Fig. 1— Antibody responses to HPV 16 VLP (A), E6 (B), and E7 (Q 
proteins of formerly HPV-negative (O) and HPV-positive (•) cases of 
cervical cancer. For VLP reactivity, mean extinctions (mean OD) and 
for E67E7 reactivity, the counts per minute (cpm) are indicated. The 
cut-off levels for seropositivity (mean +3 x SD) Tor VLP (300), E6 
(13 556), and E7 (9714) are indicated by dotted lines. Sera arc arrayed 
in order of increasing reactivity. Each dot represents one serum 
specimen 
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Table II-Overall HPV prevalence and type distribution* 




substantiate that integration is one of the underlying 
cauS false negativity, the suggestion that the disrup- 
Sms are due to integration events was i supported by 
further tvoing analysis. The prevalence of HPV 18 in the 
Snal analysis was more than threefold lower than 
HPV 16 (13-7 per cent versus 49-9 per cent),' but 
amongsY he Expositive cases, HPV 18 was almost as 
P 3ent as HPV 16 (22 per cent versus 31 per cent) 
sueeestine that HPV 18 is more often disrupted in the 
uSo? El region. Previous studies"-" have shown 
that almost all HPV 18-positive cervical carcinomas 
conum on y mtegrated HPV 18 DNA In contrast, the 
portion of HPV 16-positive cases that contain only 
integrated viral genomes is 60 per cent or less. 25 " In a 
previous study, E7 ORF transcripts were detected in the 
Spastic cells of all HPV 16 DNA-posjtwe epical 
carcinomas, including cases with very low HPV 16 copy 
provided that the RNA quality of the tissue 
was adequate.'* This demonstration of continuo^ 
expression of the E7 ORF indicates anactive role of E7 
in the pathogenesis of cervical cancer The sample in the 
preS study were inadequate for RN A „ <s«u .hybrid- 
Wation (RISK) but the presence of E7 DNA in all 37 
sSens in which DNAfrom a known HPV type was 
S including 23 without detectable LI DNA and 
ifShou? detectable El DNA (Fig. 3), supports the 
conclusion that E7 is required for maintenance as well as 
for initiation of the malignant state. 

Our PCR results thus indicate that many ot tne 
samples which were HPV-positive in this study were 
Sff negative in the previous study due to integration 
events affecting MY09/11 LI sequences, as suggested by 

Table Ill-Correlation of HPV status and histological charac- 
teristics . 



Histology 



HPV+ (n=40) HPV— (n=lS) 
N{%) 



Squamous cell carcinoma 
Adenosquamous carcinoma 
Only dysplastic or 

normal epithelium present 
Extensive necrosis 
Maltreatment 
Only stroma present 
Extensive keratinization 



31 (77 5) 
t (2 5) 
6(15)* 

1 (25) 

1 (25) 

0 (0) 

0 (0) 



2(13-3) 
0 (0) 
3 (20)t 

2 (13-3) 
3(20) 
2(13-3) 
3(20) 



•All samples showed dysplastic epithelium. 

tTwo samples showed normal epithelium; one was dysplastte. 
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Bosch el al? It is most unlikely that the additional 
positives scored in this study are due to contamination. 
None of the negative controls included during sample 
preparation and PCR testing gave a positive result, and 
as the great majority were positive on two or more PCR 
assays, the results cannot be due to contamination with 
specific PCR products (Fig. 3). The strongest evidence, 
however, is our striking observation that a large 
majority (87 per cent) of HPV-negative cases, but only a 
minority (20 per cent) of HPV-positive cases (Table III: 
p<0 001). were histologically inadequate, which cannot 
be an artefact of contamination. This suggests that 
failure to detect HPV DNA in these cases in the original 
study, in which the presence of carcinoma was diag- 
nosed in adjacent blocks, was due mainly to inadequate 
sampling. Histological inadequacy was defined in the 
present study by the presence of.only normal or dysplas- 
tic epithelium or stroma, extensive necrosis, maltreat- 
ment%r extensive keratinization (Fig. 2). When analyas 
was restricted to samples which were hatologicaUy 
adequate, HPV was detected in 94 per cent (32/34) of the 
formerly HPV-negative carcinomas. The two ™mng 
HPV.negative samples, which contained 50-75 per cent 
cancer cells and occasional necrosis, may be true HPV 
negatives, or might contain viral variants, sequence 
disruptions or very low HPV levels that escaped 
detection by the methods used. 

The great majority of cases in the IBSCC study were 
squamous carcinomas, but the conclusion jhat almost jail 
ceVvical cancers contain HPV DNA is likely to be true 
irrespective of histology. Among cases which were 
adenocarcinomas or adenosquamous carcinomas, the 
prevalence of HPV by LI consensus PCR was 95 per 
?ent, the majority being HPV 18 or related ' types.' 
the single adequate sample which was HPV * 
negative was shown in the present study to contain HPV 
E7 DNA (Table III). The IBSCC study included only 43 
adenocarcinomas or adenosquamous ^nomas, but 
recent studies"- 10 using similar consensus PCR methods 
also detected HPV LI DNA in 90 per cent or more of 
cervical cancers of these histologies, with HPV 18 being 
the most prevalent type. Our results suggest that . HPV 18 
is more often disrupted in the LI region than other HPV 
types, which would imply that PCR assays target- 
iniTotlier ORFs are required to determine the true 
prevalence in adenocarcinomas. 

The results of the IBSCC report together with the 
present study indicate that virtually all cervical cancers 
contain HPV DNA. In the original analysis, 981 samples 
were analysed by consensus PCR; 115 of these were 

J. Pathol 189: 12-19(1999) 



HPV PCR ANALYSIS OF CERVICAL CARCINOMAS 



17 






Fie 2— Compilation of H&E-stained tissue sections from HPV-negative cervical carcmoma 
biopsies. (A) Squamous cell carcinoma; (B) only dysplastic/nonnal epilheUum; (Q serious maltreat- 
ment. ic nuclear vacuolation; (D) extensive necrosis (>75 per cent); (E) only stroma; (F) extens.ve 
keratinization (>?5 per cent) 



- adequate histology- 



- inadequate htstology- 



coot M««»»a«^a^eiuNaiNN0«N p o*^n»A^n«g« 

Sample SgSSgg^sSSggsslsSgS^ 



E7-PCR 
E1-PCR 
LI -PGR 
HPV type 



2 £ m dtt 



Fie S-HPV analysis of 55 cervical carcinomas using different PCR assays in relation to tissue adequacy Bars ^^^^.^Sj! 
PCR^ HPV-> l HPvl™ype.specinc PCR-neW but positive with one or both consensus PCR assays. El PCR: CPI/U PCR. LI PCR. 

GP5+76+ PCR 



HPV-negative, of which 66 (57 per cent) were found on 
review to be adequate (containing tumour and PCR- 
sufficient). 2 Of these 66 samples, 58 were examined in the 
present study, and under our more stringent review 
(recutting multiple sections and accepting only cases 
with tumour in the outer sections and PCR-detectable 
£-globin DNA in the inner sections), 34 (59 per cent) 
were adequate, implying that only 34 per cent 
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(0-57x0-59) of the 115 originally negative specimens 
were adequate by this series of procedures. The pro- 
portion of the 866 initially HPV-positive specimens that 
would have been adequate by the same criteria is 
unlikely to be less than 80 per cent, the proportion that 
we observed among the 40 initially negative specimens 
which were found to be HPV-positive on retesting in the 
present study. On this assumption, the original study 
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included about 693 (80 per cent of 866) positive and 39 
(34 per cent of 115) initially negative specimens which 
were adequate by our criteria. Our finding that only 6 
per cent (2/34) of initially negative adequate specimens 
remained HPV-negative on retesting thus implies an 
overall HPV prevalence of 99-7 per cent among cervical 
cancers worldwide. Even if half of all women in the 
sampled populations had been infected with HPV at 
some time in their lives, this would indicate the highest 
worldwide attributable fraction ever identified for a 
specific cause of a major human cancer. The virtual 
absence of HPV-negative cancers implies that effective 
prophylactic vaccination might almost eliminate cervical 
cancer worldwide. 31 This is especially relevant in less 
developed countries, where screening may not be eco- 
nomically feasible. For developed countries, our results 
reinforce the rationale for HPV testing in combination 
with, or even instead of, cytology in population-based 
screening programmes. 32 
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